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Abstract: The lack of a standardized protocol makes it difficult to compare studies
on the efficacy of commercial rodenticides. To contribute to the knowledge of pest
control technology, we compared the efficacy of 17 commercial baits with different
active ingredients and types of formulation from various commercial suppliers,
using a standardized efficacy protocol under laboratory conditions. All rats died in
all experimental groups. First deaths occurred 3 days after the beginning of the trial;
average survival varied between 4.17 ± 0.12 days (difethialone wax blocks) and
5.96 ± 0.35 days (difenacoum pellets). Results showed no consistent pattern of time
to death according to active ingredient and type of formulation. For bromadiolone-
based baits, the grains induced significantly shorter time to death than wax blocks
and the individuals fed on wax blocks varied the consumption rate according to the
commercial supplier, while those consuming grains showed more homogeneous
values. Our results show that although mortality was 100% efficacy differed among
baits. These differences could be explained by the combination of the formulation
type and commercial supplier rather than by the active ingredient itself.
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1. Introduction
Commensal rodents are considered a serious pest in urban environments. Norway rats (Rattus
norvegicus), roof rats (Rattus rattus) and house mice (Mus musculus) are responsible for a number
of health and economic problems as a result of their interaction with humans (Cueto, Cavia,
Bellomo, Padula, & Suárez, 2008; Hancke, Navone, & Suárez, 2011; Himsworth, Parsons, Claire, &
Patrick, 2013). High population density, exposed garbage and abandoned buildings have been
found to be strong promoters of rat infestations (Easterbrook, Shields, Klein, & Glass, 2005;
Traweger, Travnitzky, Moser, Walzer, & Bernatzky, 2006). Moreover, rat infestations tend to be
more prevalent in low socioeconomic neighborhoods (Cavia, Cueto, & Suárez, 2009; Cavia,
Muschetto, Cueto, & Suárez, 2015; Fernández, Cavia, Cueto, & Suárez, 2007; Vadell, Cavia, &
Suárez, 2010; Walsh, 2014). Improvements introduced to sanitation and infrastructure can greatly
reduce rat-related problems, but in most cases control measures require the use of chemicals,
specifically rodenticides.
Rodenticides are classified as non-anticoagulant acute poisons and anticoagulants.
Anticoagulants are the preferred method for controlling rodent populations worldwide because
of their higher efficacy and safety (Bajomi & Kis-Varga, 1990; Murphy, 2002). They interfere with
the mechanisms of blood coagulation, thus leading to internal bleeding and, ultimately, death
(Hadler & Buckle, 1992; Pelz et al., 2005).
Rodent resistance to warfarin and other first-generation anticoagulants (FGARs) encouraged the
development of more toxic second-generation anticoagulants (SGARs) (Buckle, et al.,1994; Jackson
& Ashton, 1992; Jackson & Kaukeinen, 1972). These have a delayed action because the active
ingredient is used at very low concentrations and rodents cannot associate the onset of illness due
to poisoning with any particular bait, thus preventing bait shyness.
The chemicals used in rodenticide formulations are of varied nature and origin, having different
modes of action and toxicity (Witmer, Eisemann, & Howald, 2007). Bromadiolone, brodifacoum
and difenacoum are the most frequently used active ingredients in the manufacture of SGRAs,
many of which are available in one or more formulations such as wax blocks, pellets or grains
(Witmer, Horak, Moulton, & Baldwin, 2013). The formulations of rodenticide baits may also contain
additives that enhance product quality, preserve the chemical and physical properties before the
expiration date or facilitate application (Prakash et al., 2003).
Many studies have been conducted comparing the efficacy of products already available on the
commercial market (Greaves, Shepherd, & Quy, 1982; Prakash et al., 2003). However, the lack of a
standardized protocol makes it very difficult to compare the results across studies, limiting the
scope of the results (Prescott & Johnson, 1996). In this article, we compare the efficacy of 17
commercial rodenticide baits with different active ingredients and types of formulation obtained
from various commercial suppliers. We used a standardized efficacy protocol under indoor, con-
trolled conditions with the expectation of contributing to the knowledge of pest control technology
(Schneider & Hitch, 1982).
2. Materials and methods
The Rodents Urban Ecology Research Laboratory of the University of Buenos Aires, Argentina
conducts efficacy tests using rodenticide products obtained from commercial manufacturers and
suppliers. A database is maintained incorporating all rodenticide efficacy data generated since
2012, and the data presented below have been obtained by analyzing that database.
We tested the efficacy of the SGARs bromodialone (0.005%), brodifacoum (0.0025%), difena-
coum (0.005%) and difethialone (0.005%), using one or more of the following formulation types:
wax blocks, pellets and whole grains. They were provided by eight different commercial suppliers,
being registered for use against commensal rodents in Argentina. Three commercial suppliers
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provide locally manufactured baits and the remaining five provide imported ones. Further informa-
tion about commercial baits characteristics in Additional file 1.
Laboratory tests were conducted from July 2012 to November 2015 in the bioterium at the
University of Buenos Aires, Argentina. Experiments on animals were approved by the Ethics
Committee of Bioterium at the University of Buenos Aires, Argentina and were in adherence to
the guidelines of the Sociedad Argentina para el Estudio de los Mamíferos (Giannoni, Mera Sierra,
Brengio, & Jiménez Baigorria, 2003) and NationalAct 14346 for the protection of animals.
Adult male and female Wistar strain of brown rats (Rattus norvegicus) were individually placed in
plastic cages (60x50x45 cm) and allowed to acclimate to standard laboratory conditions (21–24° C,
12 h light/dark cycle, 45–70% relative humidity) for 1 week prior to each trial. In this period, the
animals were fed rat pellets and had ad libitum access to water.
We randomly assigned 24 adults (12 males + 12 females) to each treatment group (combination
of active ingredients, formulation types and commercial suppliers). Initial mean body weights of
males were 265.6 g (sd = 18.8g) and females 255 g. (sd = 15.3g.). The mortality rate without
treatment was determined using 12 adults of both sexes (6 males + 6 females) ascontrol group for
each commercial supplier; they were fed rat pellets and kept under the same laboratory conditions
as mentioned above for 1 week.
All caged animals were starved for 24 h before being offered a cup with 60 g of poison bait (wax
block, pellet or whole grain) and water ad libitum. Poison bait consumption was recorded indivi-
dually and the cup was replenished at the end of each 24-h period. Rats were monitored daily for
health condition (alive or dead) and their individual weight was recorded until time to death.
2.1. Data analysis
Differences in survival were compared between experimental and control animals using the Log
Rank statistic (K = 2) obtained from the Kaplan-Meier algorithm (Infostat).
A general linear mixed model (GLMM) (Zuur, Ieno, Walker, Saveliev, & Smith, 2009) was used to
analyze the effect of formulation type (wax block, grain and pellet) and active ingredient (broma-
diolone, brodifacoum, difenacoum and difethialone) on time to death of rats (response variable). A
single variable was introduced in the model representing all the possible combinations because
the active ingredients were not available in all types of formulations. To assess the effect of sex,
weight of rats and origin of baits (locally manufactured or imported ones) the inclusion of these
variables into the model was tested. The commercial suppliers were added to the model as
random factor to account for the variability among rats fed on products from different suppliers.
Homogeneity of variance was examined by inspection of the residuals after model fitting (plots of
standardized residuals vs. fitted values). Heterogeneity of residual variance was modeled using a
power variance function (varPower function) (Zuur et al., 2009). Pairwise comparisons between
mean treatments were performed by LSD Test.
A second analysis was conducted with rats fed on bromadiolone since this is the most common
active ingredient used in Argentina (ANMAT). GLMM (Zuur et al., 2009) was performed to analyze
the effect of formulation type (wax block or grain) on time to death of rats. We included the
commercial suppliers as random factor and heterogeneous within-group variances were modeled
using a constant variance function (varIdent function) (Zuur et al., 2009). To assess the effect of
sex of rats and origin of baits the inclusion of both variables into the model was tested. Daily
consumption (g bait consumed/g body weight) was incorporated to control potential effect of
consumption on time to death. Daily consumption rate was calculated for the first 2 days to avoid
changes in the consumption rate due to intoxication.
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3. Results
There was no mortality of control rats but all rats tested with anticoagulant formulations (n = 17)
died (Log Rank Test; p < 0.01 in all cases). The analysis of survival showed that the first deaths
occurred 72 h after the beginning of the experiment for all four active ingredients (Table 1).
However, the experimental populations treated with different active ingredients showed variability
in the time to reach 100% mortality. Rats treated with difethialone or brodifacoum required 7 days
to reach 100% mortality, while those treated with difenacoum or bromadiolone took 3 and 4 days
longer, respectively (Table 1).
Most of the experimental rats were fed on bromadiolone (n = 216 vs n = 48 with other active
ingredients; Table 1) because most of Argentine baits are based on this active ingredient, being
wax blocks and grain baits the most common formulations (ANMAT). The average time to death of
experimental animals treated with different formulates (combination of the active ingredient and
type of formulation) varied between a minimum of 4.17 ± 0.12 days for difethialone wax block
baits and a maximum of 5.96 ± 0.35 days for difenacoum pellet baits (Table 1). However, results
did not indicate a consistent pattern of time to death according to the active ingredient and type
of formulation. For example, rats fed on bromadiolone grains showed a significantly shorter time
to death (4.69 ± 0.14 d) than those fed on wax blocks (5.53 ± 0.14 d) (Table 1).No significant effects
were registered in time to death, related to sex or weight of rats, or related to the origin of baits
either (pvalue> 0.05 for the three variables).
The analysis of bromadiolone-based baits revealed that the individuals fed on wax blocks varied
the total consumption according to the commercial supplier, while those fed on grain baits showed
more homogeneous values (Figure 1).
The time to death of animals fed on grain baits was significantly shorter than those of animals
fed on wax blocks (Estimate = −0.74 (SE = 0.24); d.f. = 183; t = -3.13; p-value = 0.002) (Figure 2).
Rats fed on bromadiolone did not show significant differences in time to death, related to sex of
individuals or origin of baits (pvalue > 0.05 for both variables). On the other hand, the variability in
time to death of rats within the same trial varied among commercial suppliers. Standard deviation
ranged between 0.87 days for the most homogeneous supplier (Label E) and 2.03 days for the
most heterogeneous one (Label A). Therefore, AIC of GLMM showed a significant decrease when a
VarIdent function was used to model different variances for each supplier.
Table 1. Time to death of rats fed with different commercial rodenticide baits (combination of









Time to death (days)
Means (± S.E.)2 Min. Max. Median
Difenacoum Pellets A 24 5.96 (± 0.3) a 4 10 5.5
Bromadiolone Wax blocks A; C; D; E; F 120 5.53 (± 0.1) a 3 11 5.0
Bromadiolone Pellets A 24 5.21 (± 0.3) ab 3 7 5.0
Brodifacoum Grain B 24 5.21 (± 0.3) ab 3 7 5.0
Brodifacoum Pellets A 24 5.13 (± 0.3) ab 4 7 5.0
Difethialone Pellets H 24 4.88 (± 0.3) b 3 7 5.0
Difenacoum Wax blocks A 24 4.75 (± 0.2) bc 3 8 4.5
Brodifacoum Wax blocks A;B 48 4.71 (± 0.2) bc 3 7 4.5
Bromadiolone Grain C; F; G; 72 4.69 (± 0.1) bc 3 8 4.0
Difethialone Wax blocks H 24 4.17 (± 0.2) c 3 5 4.0
Formulations were ranked from highest to lowest mean time to death of rats.
1 Each commercial supplier was identified by a capital letter
2Results are means ± standard error (SE). Means followed by different letters differ significantly (pvalue< 0.05) on the
basis of the least significant difference (LSD) test.
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4. Discussion
The experimental rats showed a wide range of time to death depending on the four active
ingredients analyzed. However, the earliest deaths occurred 3 days after exposure to the poison
baits in all assays. The delay corresponds to the time between the inhibition of the epoxide
reductase and the degradation of the clotting factors that were already present in the blood;
Figure 1. Total bait consump-
tion (average ± standard error)
of rats from different commer-
cial suppliers treated with bro-
madiolone wax blocks and
grains. Each commercial sup-
plier was identified by a capital
letter.
Figure 2. Average time to death
(± standard error) of rats trea-
ted with bromadiolone wax
block and grain baits. Different
letters indicate significant dif-
ferences between groups (least
significant difference (LSD)
test, p < 0.05).
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when the supply of these factors has been exhausted, the clotting mechanism fails and hemor-
rhaging begins. Therefore, SGARs prevent rodents from associating illness with poison bait con-
sumption due to the time interval between the ingestion of a potentially lethal dose and the onset
of symptoms (Hadler & Buckle, 1992).
There was not a clear pattern of time to death which allows explaining the differences
among active ingredients and different formulation types. For example, the time to death
between pellets and wax blocks showed substantial differences for difenacoum, but similar
values for bromadiolone. However, these results should be treated with caution because
most of the formulations were provided by the same commercial supplier (Table 1). Bait
efficacy (measured as time to death) could be explained not only by the active ingredient
and formulation type but also by differences in the product quality among commercial
suppliers.
Besides the active ingredient, the SGARs also include base material comprising solvents, diluents,
stabilizers, additives, co-adjuvants and inert substances to achieve the desired attributes, preserve
the chemical and physical properties before the expiration date or facilitate application. The
efficacy of a rodenticide bait may be dependent on the quality of the bait base rather than on
the active ingredient, as the latter may reduce the bait’s palatability (Rady, Hegab, Abdelnabby, &
El-Bakhshwangi, 2012). Variations in the quality of the bait base components could play a key role
in the differences observed in the rate of consumption of bromadiolone wax blocks among
commercial suppliers. In Argentina, 17 out of 36 rodenticides registered for sale in the National
Administration of Drugs, Food and Medical Technology (ANMAT) contain bromadiolone as active
ingredient. We could compare the efficacy of bromadiolone-based baits among different types of
formulation due to the variety of products in the market. Average time to death of rats was shorter
in individuals fed on grain baits than on wax blocks and its dispersion varied among commercial
suppliers. Moreover, rats fed on wax block showed more consumption variability among commer-
cial supplier. These results might suggest that quality of the base components in the wax block
baits from each commercial supplier may affect both the consumption rate and the efficacy of the
product. However, these were not observed in Bromadiolone treated grains, probably because
grain baits could have a lower number of inert substances than wax blocks, which would minimize
differences in product quality among commercial suppliers. The identity and relative proportion of
the base components of the wax block baits play a key role in product quality, thereby being
treated as confidential information by the commercial suppliers.
Most commonly used anticoagulant rodenticides take several days to kill, causing distress,
disability and/or pain during this time (Meerburg, Brom, & Kijlstra, 2008). Our results reveal that
the success of a rodent-control program relying on the use of wax blocks is affected by the
choice of high-quality products. Then, the animals treated with these products presumably
have a reduced symptomatic period as the time to death is short. According to Mason and
Littin (2003), the methods that produce a quick death with minimal suffering are preferred
from an animal welfare point of view. Furthermore, poisoned rats with clinical manifestations
of intoxication such as external bleeding and bloody diarrhea (Littin et al., 2000) for longer
periods of time represent hazards to public health. The contact with the blood of rodents
strongly increases the probability of transmission of a number of zoonotic pathogens respon-
sible for significant human morbidity and mortality (Cueto et al., 2008; Easterbrook et al., 2007;
Hancke et al., 2011; Himsworth et al., 2013).
We agree with some rodent management practitioners suggesting a more ecologically based
management for rodent damage (Singleton, Leirs, Hinds, & Zhang, 1999). Nonetheless, rodenti-
cides remain as very important tools for the integrated pest management and the sustained
contribution of technological development is thus necessary to improve the efficacy and safer
use of the product.
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5. Conclusions
Our results did not show a clear pattern of time to death which allows explaining the differences
among active ingredients and different formulation types. Bait efficacy could be explained by the
combination among active ingredient, formulation type and the differences in product quality
between commercial suppliers. The efficacy of bromadiolone-based baits was higher in individuals
fed on grain baits than on wax blocks. Rats fed on wax block showed more consumption variability
among commercial suppliers. These results might suggest that quality of the base components in
the wax block baits from each commercial supplier may affect both the consumption rate and the
efficacy of the product.
Supplementary material
Supplemental data for this article can be accessed here.
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